2.6% was detected with a peak during November and December, when thousands of 26 migrating wild birds arrive to Spain for wintering. Highest prevalence rates were 27 detected in Phoenicopteriformes and Anseriformes. AIV prevalence obtained from 28 cloacal swabs and fresh faeces did not vary significantly, which supports faecal 29 sampling as an appropriate method for large scale LPAIV surveillance programs. Viral 30 culture was achieved in samples obtained from two Mallards and a White stork, in 31 which subtypes H7N9 and H11N9, respectively, were identified. Our results reflect a 32 similar scenario in AIV epidemiology in small continental wetlands as compared to 33 large coastal humid areas in Europe and underline the importance of including species 34 such as flamingos and storks in surveillance programs, since their role in AIV ecology 35 in these areas could be more important than previously considered. 36
Introduction 40 suspects for the long distance transport of highly pathogenic AIV (HPAIV) H5N1 48 (Normile et al., 2005) , especially after the outbreak at Qinghai Lake, China that caused 49 the death of thousands of wild birds (Chen et al., 2005) . More recently, experimentalstudies have shown that some species like the Mallard (Anas platyrhinchos) are able to 51 survive H5N1 infections and shed virus over a period of time, thus being a candidate 52 species for long distance transmission of H5N1 HPAIV (Keawcharoen et al., 2008) . 53
However, the true role of waterbirds in the spread of H5N1 remains unclear. The 54 attention drawn to H5N1 has also evidenced significant gaps in our knowledge of the 55 ecology of AIV in wild migratory birds. This underlines the need for multidisciplinary 56 research to better understand ecology of AIV in their natural host and environment 57 (Munster et al., 2007) . 58 AIV have a global distribution and have been isolated on all continents, except 59
Antarctica. However, most AIV records in wild birds come from North America and 60
Northern Europe, where a large body of evidence of the circulation of low pathogenic 61 AIV (LPAIV) of various subtypes in aquatic birds exists. Although most of these 62 studies have focused on summer/early fall season, some of them involved waterfowl on 63 their wintering grounds as is the case in coastal Louisiana (Stallknecht et al. 2000) and 64
Texas (Hanson et al. 2005; Ferro et al. 2008) . 65
Information on AIV prevalence in wild birds in southern Europe is scarce, except from 66
Italy where long-term surveillance has been carried out (De Marco et al., 2003) and 67
France, from where data on AIV prevalence in waterbirds in the Camargue have 68 sequence as recommended by Munster et al., (2007) . Amplification and detection was 151 performed on an iQ5 real time detection system (BioRad) with the TaqMan EZ Core Reagents kit (Applied Biosystems, New Jersey, USA). Pools of five individual 153 samples were processed and upon identification of any influenza A virus positive pool 154 the RNA isolation and RTPCR procedures were repeated for the individual samples 155 within each positive pool. Individual RTPCR positive samples were subsequently used 156 for virus isolation. 157
Virus isolation and characterization. For influenza A virus detection in RTPCR 158 positive samples, 200 µl of the original material were inoculated into the allantoic 159 cavity of 9-11-day-old embryonated specific pathogen free chicken eggs following OIE 160 recommendations (OIE, 2009 ). The allantoic fluid was harvested as the embryo died or 161 after 7 days if the embryo was still alive. RNA from allantoic fluid was extracted using 162 commercial kit (QIAamp Viral RNA® Mini Kit) and RTPCR to detect influenza A type 163 matrix gene was carried out (Spackman et al., 2002) . When no influenza A virus was 164 detected, the allantoic fluid was passaged twice in embryonated chicken eggs. 165
Sequence analysis. The haemagglutinin and neuraminidase were sequenced when 166 possible following the protocol described by Hoffmann et al., (2001) with minor 167 modifications. The sequences obtained were compared with those already available in 168
Statistical analysis. We analysed the complete dataset in order to determine differences 175 between sampling locations, sample type and host species using Chi square tests. All 176 analysis were carried out using STATISTICA 6.0 software. 177
Results 179
180
Between July 2005 and July 2007 a total of 1435 samples (cloacal swabs and fresh 181 faeces) were collected from wild birds from different locations in central Spain (Figure  182 1). The sample set included birds from 22 families belonging to more than nine orders 183 (Table 1) . Our sampling and processing procedures revealed a prevalence of 2.6% (37 184 out of 1435) of AIV in our sample set. 185
Overall prevalence for each sampling site varied considerably, with local prevalence of 186 up to 10% and sites with negative results (Figure 1 ). AIV was detected both in fresh 187 faeces from lakes and reservoirs and in cloacal swabs from birds admitted to 188 rehabilitation centres and hunted ducks. Comparison of results between natural lakes 189 (3.3%, 28 positives out of 829) and reservoirs (1.6%, 3 positives out of 192) revealed no 190 statistically significant differences (χ² test, p=0.19) . 191
Throughout our study we collected samples from a total of 57 species. 43.8% of the 192 samples were obtained from the order Anseriformes (Table 2 ). The highest AIV 193 prevalence was detected in the order Phoenicopteriformes (28.6%, 2 out of 7). 194
However, as all flamingo samples were collected at the same location on the same date, 195 the possibility of several faeces originating from a single animal can not be ruled out. Table 2 . Due to differences in sample sizes among 207 species and based on prevalence results, we decided to include only data from anatid 208 species, White storks (Ciconia ciconia), Common coots (Fulica atra) and Cattle egrets 209 (Bubulcus ibis) in temporal prevalence variation analysis. Those species are the best 210 represented in our data set (more than 120 samples each) and AIV have been detected in 211 all of them. 212
As shown in Figure 2 , the peak of AIV prevalence was detected during wintering both 213 for the whole dataset (5.7%), and for wetland A (12.2%), reaching maximum prevalence 214 in November and December. However, high AIV prevalence was also evidenced during 215 autumn migration in the combined data (3.6%), although no positives were found in the 216 same period for wetland A. In spring, prevalence was much lower (2% and 1.9% 217 respectively). A slightly higher AIV prevalence was observed for the moult and 218 breeding period (2.2%) in the complete dataset, while AIV was not detected in this 219 period in wetland A. However, ongoing studies (data not shown) have evidenced 220 presence of AIV also in wetland A after breeding and during moult in successive years. 221 AIV prevalence obtained from cloacal swabs (2.5%, 9 positives out of 355) and fresh 222 faeces (2.5%, 27 positives out of 1080) did not vary significantly (χ² test, p=0.98). Overall, we confirmed a low average LPAIV prevalence (2.6%, 37 out of 1435), similar 251 to what has been stated in previous studies carried out in Northern Europe (Munster et 252 al., 2007) , Africa (Gaidet et al., 2007) , Italy (Cattoli et al., 2007) should be done cautiously due to differences related to sampling design, species 256 targeted and laboratory methods (Olsen et al. 2006) . 257 AIV prevalence in Anseriformes was slightly lower than described by Munster et al., 258
(2007) (4.5% versus 6.9% in Sweden and The Netherlands), but similar to data obtained 259 from other Mediterranean countries such as Italy (Cattoli et al., 2007) . In the Mallard 260 (Anas platyrhynchos), the most represented species in this study, prevalence was lower 261 than described in preceding studies (Munster et al., 2007; Terregino et al., 2007; 262 Busquets et al., 2010) . 263
The higher prevalence of AIV observed in dabbling ducks is consistent with findings in 264 previous studies (Olsen et al., 2006; Munster et al., 2007) and has been attributed to the 265 feeding habits of these species, as virus shed by faeces may remain infectious for 266 prolonged periods in surface waters as long as temperature, salinity and pH are 267 favourable (Brown et al., 2009) . 268
Information on LPAIV in Phoenicopteridae is scarce. Reasons for this may be that 269 these birds are not very abundant in Europe and North America, their capture is costly 270 and time-consuming and collection of faeces is not always possible as they usually 271 remain in the water. In many LPAIV studies in wild birds, samples fromhigh AIV prevalence we obtained for flamingos in our study resulted from a low 274 number of samples (n=7), collected on one single day from the same location, and thus 275 must be considered with caution. Cross contamination of the positive samples is 276 unlikely, because different persons collected the individual samples, however we cannot 277 completely rule out that both positive samples belonged to the same individual. If 278 feeding behaviour is considered as an important factor for the exposure to AIV, the 279 flamingo, that filters surface and profound water, is a species that may be exposed 280 frequently. Their breeding behaviour in large colonies could also favour AIV 281 transmission among adults and juveniles. Lebarbenchon et al. (2007) important implications for AIV ecology and surveillance (Terregino et al., 2007) . 292
In North America, some species in the order Charadriiformes are considered to play an 293 important role in LPAIV epidemiology (Stallknecht and Shane 1988; Krauss et al., 294 2004) , while in Europe its role remains unclear, with prevalences that are mostly low 295 (Fouchier et al., 2003; Olsen et al., 2006; Cattoli et al., 2007; Busquets et al., 2010) . We 296 did not detect AIV in any species of this order sampled in our study, possibly because 297 only a reduced number of samples from the genus Larus (n=65) was included and nosamples from Calidris, Sterna and Uria genuses in which LPAIV infection has been 299 detected in preceding studies (Kaleta et al., 2005; Munster et al., 2007; Fouchier et al., 300 2003) Netherlands 3-fold lower as compared with Sweden. Considering that these birds 328 continue southward migration they would presumably arrive in Spanish wetlands by 329
November-December, which is when we detected the highest prevalence in our study 330 area. Also, prevalence was lower than in Northern Europe, which would support the 331 hypothesis of a North-South gradient of virus prevalence due to a progressive decrease 332 of virus shedding, development of immunity or loss of infected individuals during 333 southbound migration (Muzzafar et al., 2006; Terregino et al., 2007) . Nevertheless, 334 although mean prevalence was lower both than in Sweden and in the Netherlands, 335 locally (as in the case of wetland A during wintering) we found high prevalences. This 336 could be explained by recirculation of AIV due to the high concentration of wintering 337 waterbirds in Spanish wetlands. 338 Both, our results and data from previous studies on wild birds wintering in wetlands in 339
Northern Italy in which considerable prevalence (5-8%) and seroprevalence of AIV was 340 detected, confirm the important role that Mediterranean wintering areas play in AIV 341 epidemiology (Terregino et al., 2007; Cattoli et al., 2007; De Marco et al., 2003) . As in 342 our case, in studies from the US, medium to high prevalences were detected during 343 winter (2-10%), mainly from dabbling ducks and especially from teals (Hanson et al., 344 2005; Ferro et al., 2008) . Mallards, Northern shovelers (Anas clypeata) and Gadwalls 345 (Anas strepera) which represent most of AIV carriers in our study area were also 346 frequently found infected in those studies.
For our whole dataset, relatively high prevalences (although lower than during winter), 348 were also detected during autumn migration (3.6%). In contrast, in wetland A no AIV 349 was found in the same period, probably due to small sample size. Other studies carried 350 out in South Europe also detected high prevalences in early fall although, contrary to 351 our results, a marked decrease was evidenced afterwards, during November, December 352 and January (Lebarbenchon et al., 2010) . term studies due to the considerable interannual variations in AIV prevalence (Krauss et 368 al., 2004) . In fact, in our study, prevalence variation has been observed when 369 individually comparing seasons from both years. Nevertheless, high infection rates have 370 been consistently found during wintering.
Climatic conditions in winter are favourable for AIV persistence in faeces and the 372 environment and recirculation in the waterbird community (Webster et al., 1992; Brown 373 et al., 2007) . Thus LPAIV detection in wetland A during the period with higher 374 humidity and lower temperatues may reflect both, increase in persistence of LPAIV in 375 the environment, and higher numbers of suitable hosts (increase in waterbird 376 populations during wintering). 377
Isolation rate in our study was low (8.3% of real time RTPCR positives), but preceding 378 studies obtained similar or lower isolation rates (3.14% in Gaidet et al., 2007; 8.1% in 379 Cattoli et al., 2007; 8.3% in Pereda et al., 2008; 0% in Pannwitz et al., 2009) . Low 380 numbers of viral copies and inability of some AIV to grow to high enough titers to be 381 detected in embrionated chicken eggs could be responsible for this (Ip et al., 2008 , 382 Runstadler et al., 2007 . 383
Some authors have considered cloacal swabs more suitable for AIV detection by means 384 of RTPCR techniques, since the virus replicates mainly in epithelial cells (Slemons and 385 Easterday, 1978) and this kind of sample is supposed to be less prone to contamination. 386
However, fresh faeces collection is a convenient, non invasive and cost effective 387 method and has frequently been used for monitoring LPAIV in wild birds (Pannwitz et 388 al., 2009; Lebarbenchon et al., 2007; Gaidet et al., 2007) . Drawbacks include negative 389 effects of external agents (UV light, temperature and humidity) or the fact that it is not 390 always possible to establish an accurate association between droppings and individual 391 birds (Yasué et al., 2006) . 392
Our results are in concordance with reports from other authors (Gaidet et al., 2007; 393 Lebarbenchon et al., 2007; Pannwitz et al., 2009) 
